The purpose of this study is to compare our standard chemotherapy regimen (CHVP [cyclophosphamide, doxorubicin, teniposide, and prednisone]) plus interferon with 4 courses of CHOP (cyclophosphamide, doxorubicin, vincristine, and prednisone) followed by high-dose therapy with autologous stem cell transplantation (ASCT) in treatment-naive patients with advanced follicular lymphoma. Four hundred one patients were included from July 1994 to March 2001: 209 received 12 cycles of CHVP plus interferon ␣ for 18 months (CHVP-I arm) and 192 received 4 cycles of CHOP followed by high-dose therapy (HDT) with total body irradiation and ASCT (CHOP-HDT arm). Overall response rates were similar in both groups (79% and 78% after induction chemotherapy, respectively). One hundred thirty-one of the 150 patients eligible for HDT underwent transplantation (87%). Intent-to-treat analysis after a median follow-up of 7.5 years showed that there was no difference between the 2 arms for overall survival (P ‫؍‬ .53) or event-free survival (P ‫؍‬ .11). Patients with a complete response at the end of the induction therapy had a statistically longer event-free survival and overall survival (P ‫؍‬ .02 and < .001, respectively). After long-term follow-up, our study showed that there was no statistically significant benefit in favor of first-line high-dose therapy in patients with follicular lymphoma. High-dose therapy should be reserved for relapsing patients. (Blood.
Introduction
Follicular lymphoma accounts for 25% to 40% of all lymphomas, and patients have an indolent course with a median survival of 7 to 10 years. This lymphoma is not curable with conventional treatments and there is a constant annual death rate of 8%. 1 Objective response rates of 60% to 70% were reported with standard chemotherapy regimens such as alkylating agent-based or anthracycline-containing regimens. 2, 3 However, the median response duration did not exceed 1.5 to 3 years. Chemotherapy combined with interferon ␣ (Intron A) gave an improved survival in comparison with chemotherapy alone but it did not cure patients with follicular lymphoma. 4 High-dose therapy (HDT) followed by autologous stem cell transplantation (ASCT) gave encouraging results in phase 2 studies on relapsing patients with follicular lymphoma. [5] [6] [7] [8] HDT was also tested as a potentially curative option in first-line treatment of the subset of patients with disseminated disease. [9] [10] [11] Recently, 2 randomized studies reported a benefit in event-free survival but not in overall survival in patients with high-risk follicular lymphoma, possibly due to a short follow-up. 12, 13 In 1994, Groupe d'Etude des Lymphomes de l'Adulte (GELA) designed a randomized controlled trial for patients with newly diagnosed follicular lymphoma and a high tumor burden comparing CHOP (cyclophosphamide, doxorubicin, vincristine, and prednisone) followed by HDT (CHOP-HDT) with a conventional chemotherapy regimen with interferon ␣ (cyclophosphamide, doxorubicin, teniposide, and prednisone; CHVP-I). This regimen, CHVP-I, was previously found to be superior to chemotherapy alone in the same group of patients. 14, 15 In the analysis presented here, results are given after a median follow-up of 7.5 years, allowing definitive conclusions for overall survival.
Patients, materials, and methods

Eligibility criteria
To be eligible, patients had to (1) be younger than 61 years with untreated follicular lymphoma at bulky stage II disease or stage III or IV and (2) require therapy because of a high tumor burden. High tumor burden was defined by at least one of the following parameters using Groupe d'Etude des Lymphomas Folliculaires (GELF) criteria: systemic symptoms (Ͼ 10% weight loss, temperature Ն 38°C for more than 5 days, abundant night sweats); performance status (PS) greater than 1 according to the Eastern Cooperative Oncology Group (ECOG) scale; elevated lactate dehydrogenase (LDH) level; ␤2-microglobulin level greater than 25.5 nM/L (3 g/mL); a single lymph node larger than 7 cm; marked splenomegaly; organ failure; pleural effusion or ascites; orbital or epidural involvement; blood infiltration; or cytopenia. [14] [15] [16] Exclusion criteria were as follows: previous treatment for lymphoma; diagnosis more than 3 months before; blood creatinine level above 150 M; history of another cancer except in situ breast cancer or uterine cancer; contraindication to doxorubicin, interferon, or intensive therapy; positive serologic test for the human immunodeficiency virus; or histologic transformation into a more aggressive lymphoma. This study complied with the Declaration of Helsinki and its current amendments and was conducted in accordance with Good Clinical Practice guidelines. All patients gave written informed consent. The protocol and informed consent forms were approved by local and national institutional review boards in each participating center.
Staging
The extent of the disease was determined by a standardized evaluation including computed tomography of the chest, abdomen, and pelvis; bone marrow biopsy; bone marrow aspiration with complete blood counts; LDH level; and ␤2-microglobulin assay. PS was graded with the ECOG scale. A panel of 5 hematopathologists conducted a central pathology review.
Randomization
After stratification according to center, eligible patients were assigned by the study coordinating center to CHVP with interferon or to CHOP followed by HDT with ASCT.
Treatment
In the conventional chemotherapy arm (CHVP-I), patients received 6 monthly courses of CHVP, with cyclophosphamide 600 mg/m 2 , doxorubicin 25 mg/m 2 , and teniposide 60 mg/m 2 on day 1 and prednisolone 40 mg/m 2 on days 1 to 5. As the marketing of teniposide was stopped during this study, it was replaced by etoposide 100 mg/m 2 on day 1. Interferon alpha was given subcutaneously at a dosage of 5 million units (MU) 3 times a week. Patients then achieving a complete response (CR) or partial response (PR) received 6 courses of CHVP plus interferon every 2 months for 1 year. In the event of hematologic toxicity, the next chemotherapy cycle was postponed for 1 week and the dose of interferon was decreased to 3 MU. In the event of chronic grade 3 or 4 interferon-related toxicity, the dose of interferon was reduced to 3 MU. If grade 4 toxicity occurred despite this decreased dosage, interferon was stopped and chemotherapy was continued as scheduled. In the intensive arm (CHOP-HDT), therapy consisted of 4 cycles of CHOP every 3 weeks, with cyclophosphamide 750 mg/m 2 , doxorubicin 50 mg/m 2 , and vincristine 1.4 mg/m 2 (maximum 2 mg) on day 1 and prednisolone 40 mg/m 2 on days 1 to 5. Two weeks after the fourth course of CHOP, the response was assessed and patients with stable or progressive disease were considered to be nonresponders and were treated according to the center policy. Responding patients (CR or PR) received a single course of cyclophosphamide 4500 mg/m 2 , etoposide 450 mg/m 2 in 3 infusions, and G-CSF 300 g from days 4 to 12 followed by peripheral blood stem cell (PBSC) harvest. PBSCs were harvested until 4 ϫ 10 8 mononuclear cells/kg were obtained. High-dose therapy (HDT) was instituted 4 weeks later and comprised cyclophosphamide 60 mg/kg/d, mesna 60 mg/kg/d, and etoposide 150 mg/m 2 from day Ϫ6 to Ϫ5. Split total body irradiation (TBI) was then performed delivering 10 Gy in 5 fractions from day Ϫ3 to Ϫ1 followed by PBSC reinfusion on day 0. A change in the dose or a delay between 2 courses of CHOP was not recommended except in the case of grade 3 or 4 hematologic toxicity.
Response assessment
Response to treatment was assessed at the end of the first period of treatment (induction) and at the end of scheduled treatment in both arms. Of note, these time points were defined differently in each arm: after 6 cycles or 12 cycles of CHVP for the CHVP-I arm (6 months and 18 months, respectively), and after 4 cycles of CHOP and after transplantation for the CHOP-HDT arm (11 weeks and 6 months, respectively).
CR was defined by the disappearance of all clinical evidence of the disease and normalization of all laboratory values, radiographic findings, bone marrow biopsies, and aspiration findings as defined by an international workshop. 17 PR was defined as a reduction of more than 50% in the largest diameter of each measurable site of the disease or complete nodal response with residual bone marrow involvement. Stable disease (SD) was considered if tumor regression was less than 50%. Patients with no change in bone marrow infiltration or with persistent peripheral blood involvement were considered to have stable disease. Progressive disease (PD) was defined as an increase in tumor size of more than 25% or evidence of a new site of involvement.
Statistical analyses
The primary objective was to compare event-free survival (EFS) for the 2 treatments. EFS was calculated as the time from randomization to any event. Events were defined as induction failure (SD or PD at first response assessment), institution of an alternative treatment, death regardless of cause, progression after PR, or relapse after CR. The sample size required to detect a difference of 1 year in favor of the intensive therapy arm with a ␤ error of 10%, ␣ error of 5%, and a one-sided test was 400 patients. Patients' characteristics before treatment and responses rates were compared with a chi-square test. Overall survival (OS) and EFS were calculated with the product-limit method, and the significance of differences between the 2 survival curves was tested using the log-rank test. All analyses were made according to the intent-to-treat principle. At the time of analysis, 93% of the surviving patients had been examined during the last 9 months and only 8 patients were last seen more than 2 years before the analysis.
Results
The study was conducted in 71 centers in France and Belgium. A total of 402 patients were enrolled between July 1994 and March 2001. One patient was found to have a benign disease on revision and was rapidly withdrawn from the study. The other 401 patients were included in the final analysis, 209 in the CHVP-I arm and 192 in the CHOP-HDT arm.
Baseline characteristics of the 401 patients
Median age was 49 years. There was no significant difference between the 2 groups for clinical and biologic characteristics (Table  1) . A central pathologic review was completed for 356 patients (88% of randomized patients). The diagnosis of follicular lymphoma was confirmed in 339 cases (95% of the reviewed cases). Seventeen patients were reclassified as diffuse large cell lymphoma (n ϭ 10), mantle cell lymphoma (n ϭ 5), or small lymphocytic lymphoma (n ϭ 2).
Response to initial therapy and patients' flowchart
The first assessment of response was performed 4 weeks after the sixth monthly course of CHVP in the CHVP-I arm (week 24) and 2 weeks after the fourth course of CHOP in the CHOP-HDT arm (week 11). Response rates in the 2 arms were not statistically different (Table 2 ). Objective response rates were 80% in the CHVP-I arm and 79% in the CHOP-HDT arm.
In the CHVP-I arm, 165 patients obtained a CR or PR after the 6 months of induction therapy, and only 129 patients (62%) fulfilled the full 18 months of therapy, with 74 patients in CR (35% of included patients) and 55 patients in PR (26%) at the end of treatment. In the transplantation arm, 131 (78%) of the 150 patients eligible for transplantation underwent ASCT (68% of the total, 87% of eligible patients). The reasons for failure to proceed with transplantation were patient refusal in 4 cases; progressive disease in 3 cases; severe concomitant disease in 3 cases; physician's decision because of persistent bone marrow involvement in 3 cases and nonfollicular histologic subtypes in 2 cases; failure of collection in 1 case; and unknown reason in 3 cases. One patient died at day 55 after transplantation from interstitial pneumonia. At the end of therapy, 128 patients (67%) were in CR or PR.
Patient outcome
With a median follow-up of 92 months, EFS was not significantly different between the 2 arms. Median EFS was 33 months (95% confidence interval [CI], 29-40 months) in the CHVP-I arm compared with 40 months (95% CI, 31-64 months) in the CHOP-HDT arm. Seven-year EFS estimates were 28% (95% CI, 21%-34%) and 38% (95% CI, 31%-45%), respectively (P ϭ .11; Figure 1A ). Overall survival was similar in both treatment groups: median OS was not reached in the 2 groups, with an estimated 7-year OS of 71% (95% CI, 65%-71%) for the CHVP-I arm compared with 76% (95% CI, 69%-82%) for the CHOP-HDT arm (P ϭ .53; Figure 1B) .
After the central pathology review, diagnosis of follicular lymphoma was confirmed for 339 of the 401 patients included in the trial. For those 339 patients, EFS was better in the transplantation arm than in the chemotherapy arm, with a 7-year EFS of 40% (95% CI, 33%-48%) for the CHOP-HDT arm compared with 29% (95% CI, 21%-36%) for the CHVP-I arm (P ϭ .05); however, overall survival was similar (P ϭ .4).
Analysis according to prognostic indexes
The recently developed Follicular Lymphoma International Prognostic Index (FLIPI) index also gave a good prediction of survival outcome in our population 18 : 7-year overall survivals were respectively 83%, 74%, and 64% in the groups with 0-1 adverse factor (117 patients), 2 adverse factors (144 patients), or more than 2 adverse factors (121 patients; P ϭ .002); and 7-year EFSs were respectively 43%, 33%, and 23% for the same groups of patients (P ϭ .001). When outcomes were stratified retrospectively according to the FLIPI score, there was a trend for a longer EFS in patients with an intermediate or high-risk score in the intensive arm, with a 7-year EFS of 37% (95% CI, 26%-43%) for the 130 patients in the CHOP-HDT arm compared with 29% (95% CI, 15%-30%) for the 135 patients in the CHVP-I arm (P ϭ .057). No difference was observed between the 2 arms for overall survival.
Responding patients with a clinical CR had a longer OS and longer EFS than those only reaching a PR at the end of induction treatment: the 7-year OS was 88% (95% CI, 79%-96%) for CR patients and 77% (95% CI, 71%-82%) for PR patients (P ϭ .023) and EFS was 56% (95% CI, 43%-69%) and 36% (95% CI, (9) 14 (8) Other lymphoma subtypes 10 (5) 7 (4) *Data were missing for performance status (27 patients), disease stage (12 patients), B symptoms (25 patients), bone marrow involvement (24 patients), elevated LDH level (19 patients), elevated ␤2-microglobulin level (36 patients), tumor larger than 7 cm (12 patients), and FLIPI score (17 patients). For personal use only. on July 9, 2017. by guest www.bloodjournal.org From 31%-43%), respectively (P Ͻ .001; Figure 2 ). This favorable impact of CR after induction was observed for the subgroup of patients treated with CHVP-I but not for patients treated with CHOP-HDT who had the same outcome regardless of the quality of response.
Late toxicity
With a median follow-up of 92 months, 2 cases of secondary myelodysplastic syndrome and 2 of secondary acute myeloid leukemia were observed in the CHVP-I arm, whereas 2 cases of myelodysplastic syndrome were reported in the CHOP-HDT arm. Ten solid tumors were observed in the CHVP-I arm (lung, 4; oral cavity, 3; kidney, 1; bladder, 1; esophagus, 1) and 9 in the CHOP-HDT arm (oral cavity, 3; Hodgkin disease, 2; stomach, 2; breast, 1; kidney, 1).
Discussion
HDT with ASCT is feasible with an acceptable toxicity as first-line treatment for patients with advanced follicular lymphoma: 87% of patients responding to CHOP and eligible for HDT received a transplant, with only one toxic death. However, we were unable to confirm the benefit reported in 2 previous European studies 12, 13 ; by an intent-to-treat analysis, no difference was observed for EFS or OS. These negative results may be due to our long follow-up: 7.5 years compared with 4 years and 5 years in the 2 other studies, respectively. We have, in fact, previously reported the results of this study after a shorter follow-up and found a trend for a longer survival with HDT, mainly in high-risk patients. 19 This may also reflect the fact that patients treated with chemotherapy alone were re-treated with rituximab alone or rituximab and chemotherapy after progression followed by ASCT. The impressive effect of rituximab in patients with follicular lymphoma has considerably changed the outcome in these patients.
Another reason for not obtaining better results with HDT is the fact that 4 cycles of CHOP did not provide a sufficiently good treatment before HDT. Clearly, the combination of CHOP with rituximab improves patient outcome. 20, 21 As the activity of standard chemotherapy is improved by a combination with rituximab, 22 the role of HDT with ASCT in first-line treatment remains uncertain. HDT was advocated for patients with a higher risk of progression and death from lymphoma as defined by the FLIPI and should be tested in prospective clinical trials but, even in these selected patients, we were not able to find a better outcome with HDT. The subgroup of patients not reaching CR after induction might also benefit from this treatment, as this study showed the impact on outcome of the quality of response at the end of induction therapy.
The German randomized study showed a longer progressionfree survival for patients treated with HDT, with no clear difference for overall survival. 13 However, only patients responding to induction chemotherapy were randomized in this study and the results were only analyzed for those patients who effectively received their assigned treatment, whereas our results are analyzed on an intent-to-treat basis. The Groupe de l'Ouest et Est d'Etude des Leucemies Aigues et Maladies du Sang (GOELAMS) study also reported a benefit of HDT in high-risk follicular lymphoma without a benefit for overall survival. 12 A major concern in these studies was the incidence of therapy-related myelodysplasia and secondary acute myeloid leukemia, mainly because of the use of high-dose etoposide for harvesting stem cells and the use of TBI in the intensification. 23, 24 After a median follow-up of more than 5 years, we only observed 2 cases in the transplant arm and 4 cases in the CHVP-I arm. The number of solid tumors was similar in both arms.
The recent development of monoclonal antibodies such as rituximab targeted against specific cell surface antigens represents a major change in the treatment of B-cell lymphomas. 22, 25, 26 When associated with chemotherapy such as CHOP, rituximab provides a major improvement in the results, with an increase in the response rate of 72% to 100%. Recently reported randomized controlled trials in patients with follicular lymphoma have shown a longer time-to-treatment failure for patients receiving the rituximab combination in comparison with the same chemotherapy alone. 20, 21, 27 If further follow-up demonstrates a longer survival, this combination will become the standard treatment for patients with advanced follicular lymphoma. In this context, the role of HDT with ASCT remains unclear and may be restricted to patients presenting a partial response at the end of treatment or patients relapsing after a combination of rituximab and chemotherapy. In the last German study, 21 young patients responding to the rituximab plus CHOP regimen were randomized between HDT and autologous transplantation or interferon, since a difference had been observed when patients only received the CHOP regimen. After a short follow-up, no difference was observed between the 2 arms. 21 The place of HDT in the setting of rituximab plus chemotherapy in first-line treatment remains to be confirmed.
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